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Description 

BACKGROUND OF THE INVENTION 



5 The present invention relates to a process for producing and use of maleic acid (co-)polymer salt 
improved in biodegradability. In detail, it relates to a process for producing a maleic acid (co-)polymer salt 
improved in biodegradability, which is very useful as a detergent builder, a scale inhibitor, and various kinds 
of chelating agents etc., by using a specially defined polymerization catalyzer and a specially defined 
polymerization method, with high efficiency and cheap cost, and also, relates to the use as a detergent 

10 builder and a scale inhibitor etc. 

As a detergent builder, a scale inhibitor, and a chelating agent etc., an additive in a phosphorus series 
such as a condensed phosphoric acid salt and a phosphonic acid salt has so far been used. However, when 
run into the sea or lake through a river etc., these become an original substance for a red tide etc., so that 
their use is very limited. Thus, instead of the additive in the phosphorus series, an additive in a series of 

75 polycarboxylic acid salts has practically been used in recent years in the forementioned field and in large 
quantity. However, the additive in a series of polycarboxylic acid salts so far been used are all poor in the 
biodegradability and, for example, in a case of that it is used in large quantity as a detergent builder or a 
scale inhibitor etc., there may take place such a greatly serious problem as the accumulation in 
circumstances. 

20 For example, although there is proposed a maleic acid (co-)polymer (salt), which is obtained with 
polymerization in a mixture solvent of water and a primary alcohol of carbon number 1~ 4 or a ketone of 
carbon number 3 - 4 in Japanese Official Patent Provisional Publication,- showa 62-91295, and Japanese 
Official Patent Provisional Publication, showa 62-91296, the maleic acid (co-)polymer (salt) disclosed in 
these literatures was low in biodegradability and insufficient in properties as a scale inhibitor. Besides, in 

25 these arts, a maleic acid (co-) polymer (salt) of high polymerization percentage was not obtained. Also, 
although there are proposed maleic acid (co-)polymer salts obtained by a polymerization in water solvent 
under presence of hydrogen peroxide, which were described in Japanese Official Patent Provisional 
Publications, showa 57-168906 (USP4.51 9,920), showa 59-64615 (USP4.668.735), showa 59-176312 
(USP4,589,995), showa 59-210913. showa 59-213714, showa 60-212410, showa 60-212411 (USP4.709.091), 

30 showa 60-212412, showa 61-178097, showa 62-218407 (USP4,659,793) showa 63,114986, showa 63- 
235313, and showa 63-236600, the maleic acid (co-) polymer salts disclosed in these literatures show very 
inferior biodegradability. There is no description about the biodegradability in all said literatures. 

EP-A-0,337.694 discloses a process for producing an acid-type maleic acid polymer by polymerizing, in 
an aqueous solution, a monomer component composed of maleic acid alone or a monomer component 

35 composed of 50-99.9 weight % of maleic acid and 50-0.1 weight % of another water-soluble unsaturated 
monomer, in the presence of at least one metal ion selected from an iron ion, a vanadium atom-containing 
ion, and a copper ion by the aid of hydrogen peroxide as the polymer catalyst However, the polymer 
obtainable by this process does not exhibit very high biodegradability, because the neutralization degree of 
this polymer is 0%. Furthermore, comparative examples of the EP-A-0,337,694 disclose addition of an 

40 alkaline substance during the polymerization reactions. However, maleic acid polymers obtainable from the 
comparative examples exhibit poor biodegradability, because the neutralization degree of the polymers is 
50% or more, which is too high, or because a polymerization medium other than water is used together with 
water. 

EP-A-0,236,103 discloses a process for producing a water-soluble copolymer by copolymerizing a 
45 monoethylenically unsaturated dicarboxylic acid monomer and an a,jS-ethylenica!ly unsaturated monomer in 
an aqueous solution system in the presence of a metal ion selected from Zn 2+ , Co 3+ , Co 2+ , Cu 2+ , Mo 2+ , 
Fe 3+ , Fe 2+ Cr 3+ , Ni 2 \ Ce 4+ and Ce 2+ while maintaining the pH of the aqueous solution system at 2-7 to 
reduce the residual content of unpolymerized dicarboxylic acid. However, the copolymer obtainable by this 
process exhibits poor biodegradability because the content of the dicarboxylic acid such as maleic acid in 
so monomer components to be polymerized is 70 weight % or less, and because the amount of a 
polymerization initiator such as hydrogen peroxide is insufficient. 

EP-A-0,346,964 discloses a process for producing a copolymer having a molecular weight of 50,000- 
150,000 by copolymerizing ethylenically unsaturated mono and dicarboxylic acids and water-insoluble 
aliphatic esters of ethylenically unsaturated monocarboxylic acids in an aqueous medium at a pH of 2.5-5.5. 
55 However, in EP-A-0,346,964 there is no specific description of a polymer produced from a monomer 
component composed of 50 weight % or more of maleic acid and furthermore there is no description on the 
biodegradability of the polymers obtained according to EP-A-0,346,964. 
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On the other hand, aUhough there is described in "YUKAGAKU, 35. 937 (1986)" that sodium j>oly-J- DL- 

**£:Sa^ 

5 SSbaJS., £ 1 synthesis of .his poiynte, tegunes , coanpie* proofs and. as a resa,,. „ 

usaM ££mZ5» - a J* Jbailde,. a sea,, inhibitor, and yadoes kinds ol chelating agents eta ,s 
ro produced with cheap cost and in a high yield. 

SUMMARY OF THE INVENTION 

As a result of extensive studies, the present inventors improved the low biodegradability of a 

improve y the other water-soluble unsaturated monomer (B) (here, the 

%) " The second and the third present invention, respectively, relate to the invention in use as a detergent 
builder and a scale inhibitor, both of which are specialized by being composed of a maleic rod co 
30 in biodegradability that is obtained from said process for producing ,n the first 

'TSntnIn it is necessary to surely use water as a polymerization media. When a hydrophobic 
solvent ^tone Ich as an Somatic hydrocarbon, a hydrophilic solvent alone such as alcohol and ketone, and 
a mtir S o,vent suc h aS a mixture of water with these hydrophilic solvents are used as a solvent m 

35 ^atioX biodegradabi.ity is greatly lowered due to ^Z^TZt^ZZ" 
main chain structure of a polymer and that of the maleic acid (co-)polymer salt in the pres en t 
Z is ie SodegradabilS is lowered by because either the terminal end was an alcohohc or ketonic 
residue or because decarboxylation does not occur. nnivmerized in an 

In the oresent invention, when the monomer component containing male.c acid ,s polymerized m an 

«, aaulsTtirn it is essential that the polymerization is carried out under a condition of that there ex, t at 
feast one kind of ' poly valent metal ion selected from an ion containing a vanadium atom, an iron ion and a 
copper io Mn amoun? in a range of 0.3- 500 ppm against the monomer component (standarc weight of an 
»SrLZ Preferablv it is a range of 0.5 - 300 ppm and, more preferably, a range of 1 - 50 ppm. If the 
S^irttS?"^ 0 3 ppm. a residual monomer increases unpreferably. If the amount for use 

45 decreases - Furthermore> the product purity decrea r ssxst 

Z in a case where an ion other than an ion containing a vanadium atom, an iron ion, and a copper ion s 
uJed H amount of the residua, monomer increases as in a case where any metal ion ,s not used at all, 

^^^^Z^2*o m , an iron ion. and a cupper ion being used in this investor 
As an ion con ™9 2 _ F 3+ C(j2+ and so on , b ut among those, are preferred 

50 ?iT P ^ of polymerization yie.d is aimed, the VO" ion is most 

Deferred Th polyvalent metal ion is not especially limited in the form being supplied ,n to a 
RX^mSl!* is capable of ionizing in a polymerization system, it can be used as a polyvalent metal 

55 C °TsT^^:^L or a simple substance like the above, for example, are cited wato, 
soluble potent metal salts such as vanadium oxytrichloride, vanadium trichloride, vanadyl oxaate 
su fate anhydrous vanadic acid, ammonium methavanadic acid, ammonium hypovanadous sulfate 
m^So T^ e kS), ammonium vanadous sulfate ((NHOVSQ. • 12 H 2 0). cupric acetate, cupric 
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bromide cupric acetyl acetate, ammonium cupric chloride, cupric carbonate, cupnc chloride, cupnc ctrate 
cuSormSe cupric hydroxylic acid, cupric nitrate, cupric naphthenic acid, cupnc ole.mc add. cupnc 
SToSiwi cupric sulfate, iron acetyl acetonate. ammonium iron citrate ammonium 
, e ^oxal ammonium ferrous sulfate, ammonium ferric sulfate, iron citrate, iron fumarate. ,ron , m ateate 
rislSte ferric nitrate, iron pentacarbonyl. ferric phosphate, ferric pyrophosphate and so on, 
i wale - Zes such as vanadium pentaoxide. cupric oxide, ferrous oxide, ferric ox.de «d so , on; 
ZXSZ metal sulfides such as cupric sufide. ferric sulfide, iron sufide. and so on; others such as copper 

in comlS with the forementJoned polyvalent metal ions, for example, a che.ate-form.ng agent m a 
eSs o f lden ed phosphoric acids such as pyrophosphoric acid, hexamethaphosphonc acd and 
Zlyphosphoric acid etc.; in a series of aminocarboxy.ic acids such as ethylened-ammete^aacet-c ac.d, 
SS aSd and diethylenetriaminepentaacetic acid etc, in a series of phosphoric acds such as 1- 
hSCX^ne'l-diphosphonic acid and 2-phosphonobutane-1.2.4-tricarboxylic acd eta; 
omanic add such as fumaric acid, malic acid, citric acid, itaconic acid, oxalic acd, and crotonic acd etc., 
and a series of poCboxylic acids such as polyacry.ic acid etc. The polymerize^ temperature 
pi red is in a rtge of 85 -"lOO 'C because it fits with a purpose of ^°°^™oV«Z 
and elevation of the biodegradability. The more preferable temperature ,s .n a range of 100 ~ 150 C If the 
frlerl e is less than 85 'C. the polymerization process may be disturbed. During polymenzat on a 
soXrt on s ZoTJL a wide range, but the 30 - 99 weight %, more preferably the range of 40 - 
95 weS % s recommended because of capability to decrease the amount of the res,dual monomer. 

r:: ^ Trs « rT * ,^ r ^ ^zztzzzki ~ 
ss^.tTJ^ ,n a case rr h n amo p u e n ri": 

STSg (against 1 ml of a monomer component), a maleic acid (co-)polymer sal which ,s supenor -n 
SouegradaSty cannot be obtained. In a case where an amount exceeding 150 g (agamst 1 mole o f * 
monomrcomponent) although the biodegradability does not decrease, hydrogen peroxide .s apt to remain 
TZoiS TmTeic acid (co-) polymer salt and the cost for production increases, so that an amoun of 
50 g orS is useS as very preferable. Also, if the hydrogen peroxide is replaced with another water- 
Lie inittator for example/with a persulfate salt such as ammonium persulfate, sod.um persulfate, and 
SSrSi-S. • hydrophilic organic peroxide such as tertiary-butyl hydroperoxide etc an wate, 
soluble azo compound such as 2,2'-azobis(2-aminozinopropane) hydrochlonc acd salt etc a maleic a c.d 
LLlvmer salt which has superior biodegradability as that in th.s .nvention, cannot be obtained. A 
mefCTsupdy me hydrogen peroxide into water is not especially limited and, for example . t .s earned 
out T; one SpourinS into the reaction system at a initial stage, continuous pouring .nto the reaction 
svstem or in a case, dividing followed by pouring into the system. 

Tihe present nvention. the polymerization requires to be carried out under the condition that an 
aJine subS n'ecLary for neutralizing 45 mo, % or ,ess (but except for the 0 mo.e %) o the w oe 
acid orouo of the monomer component exists. A preferable range can be set as 5 ~ 40 mole /». A maie c 
acd (£) 'polymer saK, which is obtained under the condition that an alkaline substance exceed-ng 45 mole 

% of the alkaline substance exceeds 45 mole % against the 

whofe ^acS group 0 an especially defined amount of an especially defined polyvalent metal .on or an 
Tmount onfg more of hydrogenperoxide is not used, the obtained maleic acid (co-) polymer sa.t show 

1 ^^^TT^M -imitation for the alkaHne substance, suitable examples include the 
hvdroS or caLnates of alkali metals such as sodium, potassium, and lith.um etc ammonia, the 
Samines sue ^a^monomethylamine. dimethylamine. trimethylamine. monoethylam.ne. d.ethylam.ne, and 
SSne etc; 2 alkanolamines such as monoethanolamine, diethanolamine t"ethanolam,ne 

, C a-lamine. and dime.hyle.hano.amine etc, pyridine and so on ^^S^S^^ 
carbonates of alkali metals, since they are of cheap cost and most easily available in an .ndustnal v,ewpo.nt. 

are Z^e mtictid (copolymer salt in this invention is reguired to be derived ^ 
component which contains 75 weight % or more of male.c acd (in a case of that the water ^soluble 
5 unsaturated monomer (B) is a monomer of a salt form, it is necessary that the amount for use .s 25 J. or 
ZT?*£E?<* he acid form). More preferably the amount can be 80 weight % or more. A maleic 
acd ?cl)polymer salt, which is led from polymerization of a monomer component that contains less than 75 
weight % of maleic acid, shows very inferior biodegradability. 
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lt sh0 u.d be noted tZthe present invention should not be co 
component conditions similar to the P-". — Uslor (USP 

which is disclosed in said J ^ nese Ha ^ a '/^ 

4,659,793), show very Manor bl0d ^ rad f^ ss ^ the case of the maleic acid (co-)polymer 

5 because the amount of maleic ac,d used hs es t tan hat used ^ ^ Qf 

salt of the present invention, or because 12 g (agamtf 1 moe because ^ 

hydrogen peroxide has not been "sed 'n an example °' 1 p there is no description about 

neutralization extent against the whole acd group is 50 A or more_ w» ^ biodeg 

the biodegradation in the literature. The ^'J^'fSL^ Official Patent Provisional 

-° sar — — a — 

builder and a scale inhibitor etc. should have of course because the 

Besides, that maleic anhydride in replacement of maleic acw w 
maleic anhydride easily reacts with ^^^t^^^ is water-soluble and a monomer 
J5 As far as the water-soluble ^'^^^^mZ be used without any limitation. The 
capable of copolymerization with male.c acid, toe ^monome W ™ copo |ymerization with maleic 

polymer salts thus-derived from polymer.zat.on *^^ZZ£L* maleic acid (co-)polymer salt. 

^^^^ 

jss: uses g— <«* ■ sefcs - r— " *** 

25 ir r 2 

C - C - ■» - 0 - ( Y - O-Ht-B ■"• uj 



30 



35 



40 



Lhyl group * the «n». * ■J""* 'tV'^SSli" *»*»»U> * carbon number 2 - 3. 
«. carbon atom in me R'. I ^ * S^J^Sol J3 po,,emy te neg.yool mono*. ether: a 

R 1 
I 

CIU = C 

L - o - cn, - en -( OCH.W-t OCall.-T-T-OH «.© 



45 C H 2 



: -( OCzH. ) 5 ( ■ 0C 3 IU-)-rZ 



50 



55 



(bu t in the formuia. R 1 represents a hydroger ;^^^ b ^^ 0 %o^!S^ 
present 0 or a positive integral number and the su|fonic acid , or pho s P horic (or 

-(OCaHs)- units may be comb.ned in any order, Z represents ^ a ^nya ^ ^ ^ ^ 

phosphorous) acid group when the sum of d and f is ^^^Z sulfonic acid group such as 
a positive Integra, number of 1 - 100): \ m ^ B r^ n ^ r ^^ ad 6. 2-acrylamido-2-methyl- 
vinylsulfonic acid, aHylsulfonic acid, (meth)acrylate 
propanesulfonic acid, sulfoethylmaleim.de -J^^^J^^^ an alcohol, which is formed with 
etc. a monomer in a series of water-soluble mono- or ^^2T£!tooW of carbon number 1 - 
addition of 0 - 100 moles of ethylene oxide and/or ^aS citraconic acid, or aconitic 

::rXr^« hydroxy, group which are 
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JO 



formed with addition of 1 - tOO mo.es ot ethylene ^^^^ S^SSJ 
unsaturated carboxylic acids such as acryl.c ac.d ° r °™ f unsaturated amides such as 

itaconic acid, citraconic acid, and aconitic ac.d etc a """^^""^ ~ monomer in . series 
N-methylol(meth)acrylamide. (meth)acryiamide, t^W*^J™**^^ acid> 
of unsaturated phosphorus-containing --pounds such a (meth)a a* m ^ P |ami P do . 2 . methyl - 
(meth)acrylamidomethanephosphonic acd methyl es er ana v ' ds such as 

propanephosphonic acid etc, and a monomer ,n a ser.es «™^**™™Z™W 
dimethylaminoethyl (meth)acrylate and dimethylam.nopropyl (meth)acrylam.de etc., and 

undermentioned unsaturated monomer s P re ' erred as ^ w f " ^ of unsaturated alcohol which is 

there are cited acrylic acid, methacryl.c acd, a monomer .n a ser.es ot 
represented by the general formula (1), 

R 1 R* 

C = C - R 3 - 0 - ( Y - 0 -(1) 
I 

R' 

M in the formula. * and R 2 independently represent a hydrogen 

Srattff^M ofti nLber 2 ~ 3. and n is 
' S~S "own by the genera, formula (2 , 



R 1 

35 | 

Cllz = c 

L-0 -CH,-CH-< OM.-J-r-f 0C3H.^r0H -(2) 

ciu-( oc,iu ) a ( oc 3 h>-»-t z 



40 



45 



50 



55 



(M ,„ ft. R. .epr^, S a hydros «on, or a m**: droopy £ ^ 

oos acid, glycerol mono*, ..nor « I a <™"T£££ ^ ^ e C mon«nars (among men,. 

s^s r; e ToS =. jstt-w — — — * - 

preferably as a detergent builder and a scale mh,b.tor neutralized with an alkaline 

Besides, although in th,s ^ZTuuZsa^* monomer (B). in a case 

t Z whote acid group at the time of polymerization is 45 mole % or less (but except the 0 /o). 
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with an alkaline substance, even if the neutralizat.cn extent .s 45 mole h or less, snows .ow y 
^tSding to the process for producing in this invention, a maleic acid (co-)polymer salt of 300 - 8.000 

Sra t^nrt*h e Toc e ss K, producing in Ms invention, that tha maloic acid (co->poiym., salt »idely 

Sit" a r, m ^S problem such as accumulation in circumstances can be greatly improved and, 
therefore, it is of very high utility in an industrial viewpoint. 

DESCRIPTION OF THE INVENTION 

Hereinafter although the present invention is concretely explained with the examples, it is not limited in 
' the exZS Beldef^and part in the examples indicate the weight % and weight part, respect.ve.y. 

Example 1 

5 mto a 1 1 four-neck flask equipped with a thermometer, a stirrer. a " d */ eflu * ^ 

o ZZTIZ M1M X o 60 % hydrogen peroxide (34 g against 1 mole of a monomer component) 

with the following equation. 



50 



55 



A - B 
X = x 100 

C - D 

X A ; ZSXXSS^^ - ~ er » — 5 days < B0D 5) 

B: Amount of oxygen biologically required by a residual monomer during 5 days 02) 
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10 



15 



20 



C- Amount of oxygen theoretically required by a maleic acid (co-)polymer (salt) (*3) 
D : Amount of oxygen theoretically required by a residual monomer llwllMlrip , 
C1) It was determined with the undermentioned method which is in turn due to the Japanese Industnal 

Stan Attst J 'l K ? 1 l 2 of distilled water, wherein the water themperature was adjusted to about 20 'C and 
dissl g oxygen was saturated, were added 1 mt of a buffer solution of P H 7 2 conta,n,ng 217^ ig/t of 
SSrSdnwhMphato (potassium hydrogen phosphate,, 8.5 g/1 of potassium d.hydrogen- 
SZe 44 6 g/? of disodium hydrogenphosphate 12-hydrate (sodium hydrogenphospha te 12-hydra e) 
nd 1 7 g/i ammonium chloride/respectively, 1 ml of an aqueous magnesium su fate solution , conta.nmg 
22 5 g/t of magnesium sulfate 7-hydrate. 1 mt of an aqueous calcium chlor.de soluhon containing 27.5 g t 
of anhydrous calcium chloride, and 1 mt of an aqueous ferric chloride solut.cn contammj , 025 g/ of feme 
ohinrirtP fihvdrate wherebv a diluted aqueous solution of pH 7.2 was prepared. Bes.des, th.s d.luted 
a us s uCwas i e n he undermentioned bottle for cultivation and stood for 5 days in a thermos a 
d 20 • C thereby it was comfirmed that difference in the amounts of dissolved oxygen between the .nitial 

•"STEJIE g was prepared by that a solution for 

supernatant fluid of a drain, a river water, a soil-extracting so.ution and the like was added to sa.d d.luted 

^"SZT. siphon and giving attention to that a bubble does not enter in, said diluted aqueous 
so Jo Tor Tested solution for innovating was filled up to about a half of all ™*^«<* a 
common stopper (in a case of that the undermentioned bottle for cultivation .s 200 mt or more a 
meTcy nder P of a common stopper is used). To this messcy.inder was added a sample . of proper ^ amount 
and to this said diluted aqueous solution or the diluted solution for innoculatmg was added up to a 11 
svmbol ine (a 2 i symbol line in a case of that the messcylinder of a common stopper .s 2 1), s opped 
and qu X mixed Four or five kinds of diluted samples in which the dilution magnification drffers stepwise 
wete prepared by that a similar procedure was repeated with changing the amount of the sample or d.lutmg 

3 dil ^e S ac7one a S n d of the diluted samp.es thus-prepared, respectively. 2 - 4 pieces of 100 - 300 ml 
b^ASSli volumes are exactly known, made of a glass and equipped w^ . ^ « 
stopper, whose top is cut obliquely, were arranged and, using a Sl phon. sa.d d.luted samples were 
transferred into the bottles to fill with overflow and tighly stoppered. 

^^lSd«nple. were stood for 15 minutes after being prepared, and an amount of d.ssolved 
nvx/n^n wa<5 determined with a dissolved oxygen meter (D/O meter). 

Said Tdlute7TZ.es were cultivated for 5 days in a thermostat or in a water bath of constan 
, tempelJe whose temperature was adjusted at 20 * 1 'C and then, an amount of dissolved oxygen was 

T^SS^SZ, BOD5 (mgO/l) was calCated of the sample from the dissolved 
oxygen amounts at before and after cultivation. 



40 



( D, - D 2 ) - ( B i - Bi ) x f 
B0D5 = " 



Here, BOD5 : an amount of oxygen consumed in a sense of biological chemistry when being cultivated for 
5da D! (m a 9 n°amount of oxygen dissolved in a diluted sample at 15 minutes later since it is prepared 

(m9 D2 l • an amount of oxygen dissolved in a diluted sample after cultivation (mgO/l ) 
P • proportion of a sample in a diluted sample (a ratio of a sample to a diluted sample) 
B, P an amount of oxygen dissolved in a diluted solution for innoculating before cult.vat,on when BODS 

of the solution for innoculating is determined (mgO/l) 

B 2 . an amount of oxygen dissolved in a diluted solution for innoculating after cultivation when BODS of 

the solution for innoculating is determined (mgO/l) 



45 



55 ' : 1 • a solution for innoculating in a diluted sample when BOD5 of a sample is determined (%) 

y i a Son for innoculating in a diluted solution for innoculating when BODS of a so.ut.on for 



innoculating is determined (%) 
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(*2) The residual monomer amount is quantitatively analyzed with a gel permeation chromatography. The 
amount of oxygen in each monomer component biologically required is determined according to a method 
same to a case of the maleic acid (co-)polymer (salt) and the amount of oxygen in the whole residual 
monomer biologically required is obtained with calculation. 

(*3) The amount of oxygen necessary for complete oxidation was determined from the elementary analysis 
data of each maleic acid (co-)polymer (salt). 
These results are shown in Table 1 . 



Example 2 

The procedure of example 1 was repeated to obtain the maleic acid polymer salt (2) except that the 
amount of 48 % aqueous sodium hydroxide solution in the example 1 was changed to 117 parts (35 mole 
% against the whole acid group of a monomer component). The maleic acid polymer salt (2) obtained was 
analyzed in the same way as carried out in the example 1 , and the results obtained are shown in Table 1 . 

Example 3 

The procedure of example 1 was repeated to obtain the maleic acid polymer salt (3) except that the 
amount of 60 % hydrogen peroxide in the example 1 was changed to 50 parts (15 g against 1 mole of a 
monomer component) and 0.0412 parts of ammonium ferric sulfate 12-hydrate (as Fe 3+ , 20 ppm against the 
weight of a monomer component) was used in place of vanadyl sulfate. The maleic acid polymer salt (3) 
obtained was analyzed in the same way as carried out in the example 1, and the results obtained are shown 
in Table 1 . 



25 Examples 4-6 

The procedure of example 1 was repeated to obtain the maleic acid polymer salts (4) - (6) except that, 
ammonium ferric sulfate 12-hydrate was used in an amount shown in Table 1 instead of vanadyl sulfate and 
the amounts for use of a 48 % aqueous sodium hydroxide solution and the hydrogen peroxide were such 
30 as indicated in Table 1 . The maleic acid polymer salts (4) ~ (6) were analyzed as carried out in the example 
1 , and the results obtained are shown in Table 1 . 



Example 7 

35 The procedure of example 1 was repeated to obtain the maleic acid polymer salt (7) except that 0.0335 
parts of ammonium ferrous sulfate 6-hydrate (as Fe 2+ , 20 ppm against the weight of a monomer 
component) was used instead of vanadyl sulfate. The maleic acid polymer salt (7) obtained was analyzed as 
carried out in the example 1, and the results obtained are shown in Table 1. 

40 Example 8 

The procedure of example 1 was repeated to obtain the maleic acid polymer salt (8) except that cupric 
sulfate was used in the amount shown in Table 1 instead of vanadyl sulfate and a 10 % aqueous sodium 
carbonate solution was used in the amount shown in Table 1 instead of the 48 % aqueous sodium 
45 hydroxide solution. The maleic acid polymer salt (8) obtained was analyzed as carried out in the example 1, 
and the results obtained are shown in Table 1. 



Example 9 

In a vessel for polymerization as used in the example 1 were placed 232 parts of maleic acid, 39.1 
parts of water, 0.0506 parts of ammonium ferric sulfate 12-hydrate (as Fe 3+ , 20 ppm against the weight of a 
monomer component), and 66.7 parts of a 48 % aqueous sodium hydroxide solution (20 mole % against 
the whole acid group of a monomer component) and, with stirring, the aqueous solution was warmed up to 
the boiling point under ordinary pressure. Then, with stirring, a mixture of 151.6 parts of 60 % hydrogen 
peroxide (34 g against 1 mole of a monomer component) and, as the other water-soluble unsaturated 
monomer (B), 58 parts of 3-methyl-3-buten-1-ol (isoprenol) (a weight ratio between maleic acid and the 
water-soluble unsaturated monomer (B) was 80 to 20) was continuously added dropwise during 3 hours to 
carry out polymerization reaction. After the addition finished, the reaction mixture was further stirred for 1 
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hour at the boiling temperature to complete polymerization reaction, whereby the maleic acid copolymer 
salt (9) was obtained. The maleic acid copolymer salt (9) obtained was analyzed as carried out in the 
example 1, and the results obtained are shown in Table 1. 



5 Examples 10-15 

The procedure of example 9 was repeated to obtain the maleic acid copolymer salts (10)- (15) except 
that the kind and amount for use of the polyvalent metal ion, the amount for use of the 48 % aqueous 
sodium hydroxide solution, and the amount for use of the 60 % hydrogen peroxide in the example 9 were 
w as shown in Table 1. The maleic acid copolymer salts (10)~ (15) obtained were analyzed as carried out in 
the example 1 , and the results obtained are shown in Table 1 . 



Example 16 

75 The procedure of example 9 was repeated to obtain the maleic acid copolymer salt (16) except that 153 
parts of a 50 % aqueous sodium acrylate solution (as acrylic acid, 58 parts) was used instead of 3-methyl- 
3-buten-1-ol and the amounts for use of the 48 % aqueous sodium hydroxide solution and 60 % hydrogen 
peroxide were as shown in Table 1. The maleic acid copolymer salt (16) obtained was anlyzed as carried 
out in the example 1, and the results obtained are shown in Table 1. 

20 

Examples 17-25 

The procedure of example 9 was repeated to obtain the maleic acid copolymer salts (17)- (25) except 
that the other water-soluble unsaturated monomers (B) as shown in Table 1 were used in the amounts 
25 described in Table 1 instead of 3-methyl-3-buten-1-ol and the kind and amount for use of the polyvalent 
metal ion and the amounts for use of the 48 % aqueous sodium hydroxide solution and 60 % hydrogen 
peroxide were as shown in Table 1. The maleic acid copolymer salts (17)- (25) were analyzed as carried 
out in the example 1, and the results obtained are shown in Table 1. 

30 Examples 26-28 

The procedure of example 9 was repeated to obtain the maleic acid copolymer salts (26) - (28) except 
that the other water-soluble unsaturated monomers (B) as shown in Table 1 were used in the amounts 
described in Table 1 instead of 3-methyl-3-buten-1-ol and a 10 % aqueous sodium carbonate solution was 
35 used in an amount shown in Table 1 in stead of the 48 % aqueous sodium hydroxide solution and the 
amount for use of 60 % hydrogen peroxide was as shown in Table 1. The maleic acid copolymer salts (26)- 
- (28) obtained were analyzed as carried out in the example 1, and the results obtained are shown in Table 
1. 



40 Example 29 

In a vessel for polymerization same as used in the example 1 were placed 232 parts of maleic acid, 10 
parts of water, 0.0412 parts of ammonium ferric sulfate 12-hydrate (as Fe 3+ , 20 ppm against the weight of a 
monomer component), and 66.7 parts of a 48 % aqueous sodium hydroxide solution (20 mole % against 
45 the whole acid group of a monomer component) and then, the procedure of example 1 was repeated to 
obtain the maleic acid polymer salt (29). The maleic acid polymer salt (29) was analyzed as carried out in 
the example 1, and the results obtained are shown in Table 1. 



Examples 30 and 31 

The procedure of example 9 was repeated to obtain the maleic acid copolymer salts (30) and (31) 
except that the other water soluble unsaturated monomers (B) as shown in Table 1 were used in the 
amounts shown in Table 1 instead of 3-methyl-3-buten-1-ol and the amounts for use of the 48 % aqueous 
sodium hydroxide solution and the 60 % hydrogen peroxide were as shown in Table 1. The maleic acid 
copolymer salts (30)- (31) obtained were analyzed as carried out in the example 1, and the results obtained 
are shown in Table 1. 
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Examples for comparison 1 - 3 

The procedure of example 1 was repeated to obtain the maleic acid polymer salts for comparison (1) ~ 
(3) except that the kind and amount for use of the polyvalent metal ion, the amount for use of the 48 % 
aqueous sodium hydroxide solution, and the amount for use of the 60 % of hydrogen peroxide were as 
shown in Table 2. The maleic acid polymer salts for comparison (1) ~ (3) obtained were analyzed as carried 
out in the example 1 , and the results obtained are shown in Table 2. 

Examples for comparison 4-14 

The procedure of example 9 was repeated to obtain the maleic acid copolymer salts for comparison (4) 
- (14) except that the other water-soluble unsaturated monomers (B) as shown in Table 2 were used in the 
amounts described in Table 2, the kind and amount for use of the polyvalent metal ion, and the amounts for 
use of the 48 % aqueous sodium hydroxide solution and 60 % hydrogen peroxide were as shown in Table 
2. The maleic acid copolymer salts for comparison (4) - (14) were analyzed as carried out in the example 
1, and the results obtained are shown in Table 2. 

Example for comparison 1 5 

In an apparatus similar to that used in the example 1 were placed 196 parts of maleic anhydride, 131 
parts of monochlorobenzene, and 65.4 parts of xylene and the mixture obtained was warmed up to 140 'C. 
To this mixture a solution for dropping 1 composed of 65.4 parts of ditertiary-butyl peroxide, 41 parts of 
xylene, and 65.4 parts of monochlorobenzene, and another solution for dropping 2 composed of 26 parts of 
acrylic' acid were added dropwise during 3 hours and then, the reaction was completed by treating under 
reflux for 3 hours. After the solvent was distilled off, a hydrolysis reaction was carried out with addition of 
197 parts of pure water, whereby the maleic acid copolymer for comparison (15) was obtained. This maleic 
acid copolymer for comparison (15) was analyzed as carried out in the example 1. and the results obtained 
are shown in Table 2. 

30 Example for comparison 16 

In a vessel for polymerization same to that used in the example 1 were placed 196 parts of maleic 
anhydride and 300 parts of water (232 parts as maleic acid) and the mixture obtained was warmed up to 60 
•C with stirring. The warming was stopped, and 138 parts of a 30 % aqueous sodium hydroxide solution 
and then 140 parts of isopropanol were added. Then, temperature of the reaction mixture was raised to the 
refluxing temperature and, after 0.25 parts of a 4.98 % aqueous solution of ferrous sulfate (FeSO* • 7H 2 0) 
(1 % as Fe 24 ) was added, 40 parts of a 60 % hydrogen peroxide were added dropwise during 6 hours. After 
the addition finished, further warming was carried out for 2 hours, whereby the maleic acid copolymer salt 
for comparison (16) was obtained, which was analyzed as carried out in the example 1, and the results 
40 obtained are shown in Table 2. 

Example for comparison 17 

In a vessel for polymerization same as used in the example 1 were placed 12.9 parts of 1-allyloxy-2,3- 
dihydroxypropane (glycerol monoallyl ether), 116 parts of maleic acid, 166.6 parts of a 48 % aqueous 
sodium hydroxide solution, and 157.4 parts of water and the aqueous solution thus-formed was warmed up 
to the boiling point. To this solution, 100 parts of a 10 % aqueous ammonium persulfate solution were 
added dropwise from a dropping funnel during 2 hours and, during the addition, the temperature of 
polymerization was always controlled at the boiling point of this reaction system. Next, the polymerization 
was completed by maintaining the system at the temperature for 30 minutes, whereby the maleic acid 
copolymer salt for comparison (17) was obtained, which was analyzed as carried out in the example 1, and 
the results obtained are shown in Table 2. 

Example for comparison 18 

The procedure of example 1 was repeated to obtain the maleic acid polymer for comparison (18) 
except that the 48 % aqueous sodium hydroxide solution was not used at all. This maleic acid polymer for 
comparison (18) was analyzed as carried out in the example 1, and the results obtained are shown in Table 
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2. 



Example for comparison 19 

5 The maleic acid polymer salt for comparison (19) was obtained by that the maleic acid polymer for 
comparison (18) obtained from the example for comparison 18 was neutralized with 66.7 parts of a 48 % 
aqueous sodium hydroxide solution. This maleic acid polymer salt for comparison (19) was analyzed as 
carried out in the example 1, and the results obtained are shown in Table 2. 

70 Example for comparison 20 

The procedure of example 9 was repeated to obtain the maleic acid copolymer salt for comparison (20) 
except that the other water-soluble unsaturated monomer (B) as shown in Table 2 was used in the amount 
described in Table 2 and the kind and amount for use of the polyvalent metal ion and the amounts for use 
75 of the 48 % aqueous sodium hydroxide solution and the 60 % hydrogen peroxide were as shown in Table 
2. The maleic acid copolymer salt for comparison (20) was analyzed as carried out in the example 1, and 
the results obtained are shown in Table 2. 

Examples for comparison 21 and 22 



In a vessel for polymerization same as used in the example 1 were placed 232 parts of maleic acid, 200 
parts of water, 0.0412 parts of ammonium ferric sulfate • 12 hydrate (as Fe 3+ , 20 ppm against the weight of 
a monomer component), and 66.7 parts of a 48 % aqueous sodium hydroxide solution (20 mole % against 
the whole acid group of a monomer component). Then, the procedure of example 9 was repeated to obtain 
25 the maleic acid copolymer salts for comparison (21) and (22) except that the other water-soluble 
unsaturated monomers (B) as shown in Table 2 were used in the amounts described in Table 2. The maleic 
acid copolymer salts for comparison (21) and (22) were analyzed as carried out in the example 1, and the 
results obtained are shown in Table 2. 
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As seen in Tables 1 and 2, the maleic acid (co-) polymer salt relating to the examples, compared with 
55 the maleic acid (co-)polymer (salt) relating to the example for comparison, is less in amount of the residual 
monomer and superior in biodegradability. Also, when the results in Tables 1 and 2 are examined, 
comparing in detail, from a standpoint of difference in the reaction conditions between the examples and 
the examples for comparison, the undermentioned © - © are seen. 
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® With increasing the content of maleic acid, the biodegradability increases (from comparison between 
the examples 29 and 30 and the example for comparison 12, and between the examples 29 and 31 and 
the example for comparison 13). 

(2) If the amount of the polyvalent metal ion is large or small, the biodegradability lowers (from 
5 comparison between the examples 5, 6, and 29 and the example for comparison 3, between the 
examples 9 and 14 and the example for comparison 6, and between the example 16 and the example for 
comparison 14). 

(§) When a metal ion other than the ion containing vanadium atom, iron ion, and copper ion is used, the 
amount of the residual monomer increases and the biodegradability lowers (from comparison between 
w the examples 9 and 1 5 and the examples for comparison 7-11). 

0 If the neutralization extent for the whole acid group in the monomer component is 0 mole % or 
exceeds 45 mole %, the biodegradability lowers (from comparison between the examples 1 and 2 and 
the examples for comparison 1, 18, and 19, and between the examples 9 and 10 and the example for 
comparison 4). 

75 © If the amount of hydrogen peroxide is small, the biodegradability lowers (from comparisons between 
the examples 3, 4, and 29 and the example for comparison 2, and between the examples 9 and 11 and 
the example for comparison 5). 

Examples 32 - 62 



To evaluate as a scale inhibitor the properties of maleic acid (co-)polymer salts obtained from the 
examples 1-31, the undermentioned examinations were carried out. With 170 g of water placed in a glass 
bottle of 225 ml volume, 10 g of a 1.56 % aqueous calcium chloride 2-hydrate solution and 3 g of a 0.02 
% aqueous solution of the maleic acid (co-)polymer salts (1)- (31) (3 ppm against an over saturated 
25 aqueous solution obtained) were mixed and, with further additions of 10 g of a 3 % aqueous sodium 
hydrogencarbonate solution and 7 g of water, the total amount was adjusted to 200 g. The over saturated 
aqueous solution thus-obtained containing 530 ppm of sodium carbonate was tightly stoppered and treated 
with heating at 70 for 3 hours. Then, after cooling the precipitate is taken off with filtration using a 
membrane filter of 6.1 u and the filtrate was analyzed. 
30 According to the undermentioned chelate-titrating method, which is in true due to Japanese Industrial 
Standard; JIS KO101, the calcium concentration in the filtrate was determined. 

In a beaker was placed a proper amount of a filtrate (which contained 5 mg or less as Ca) and the 
volume was adjusted to about 50 ml with addition of water. To this was added 4 ml of a 500 g/X aqueous 
potassium hydroxide solution and the solution obtained was well mixed and stood for 5 minutes, to which 
35 0.5 mX of a 100 g/X aqueous potassium cyanide solution and 0.5 ml of a 100 g/X aqueous hydroxy I 
ammonium chloride (hydroxylamine hydrochloride) solution were added. Well mixing of the solution 
obtained gave a sample for titrating. 

To a sample for titrating thus-obtained were added 5-6 drops of an aqueous solution (a NANA 
solution) containing 5 g/X of both 2-hydroxy-1-(2 / -hydroxy-4'-sulfo-r-naphthalenylazo)-3-naphthalenecarbox- 
40 ylic acid and hydroxylammonium chloride, and the solution obtained was titrated until the color becomes 
from reddish violet to blue with a 1 / 100 mole/X aqueous disodium ethylenediaminetetraacetate solution (a 
EDTA solution in which 1 mX corresponds to 0.4 mg of calcium). Besides, the EDTA solution used for 
titration was prepared by that disodium ethylenediaminetetraacetate 2-hydrate was dried at 80 'C for 5 
hours and stood for cooling in a dessicator, then 3.722 g of it was placed in a 1 X flask and dissolved into 
45 water which was added up to a mark line of the flask. 

With the following equation, the calcium concentration (mgCa/X) in the filtrate was calculated. 
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According to the following equation, the scale inhibition percentage % for calcium carbonate was 
determined. The results obtained are shown in Table 3. 



Scale inhibition percentage ( % ) - 

A - B 



70 A : calcium concentration dissoving in a solution before examination 

B : calcium concentration in a filtrate without addition of a scale inhibitor 
C : calcium concentration in a filtrate after examination Examples for comparison 23-44 
In the same way as carried out for the examples 32 ~ 62, the properties as a scale inhibitor of the 
maleic acid (co-)polymers (salts) for comparison (1) ~ (22) obtained from the examples for comparison 1 ~ 
T5 22 were evaluated. The results obtained are shown in Table 4. 
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Table 3 ( part 1 of 2 ) 



Pynmn ] p 

U A CJ III \* 1 V* 


maieic acid (co-)polymer salt 
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scale inhibitor percentage 
for calcium carbonate (%) 
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maieic acid polymer salt (1) 


8 8 


3 3 


maieic acid polymer salt (2) 


8 2 


3 4 


maieic acid polymer salt (3) 


7 7 


3 5 


maieic acid polymer salt (4) 


8 7 


3 6 


maieic acid polymer salt (5) 


8 0 


3 7 


maieic acid polymer salt (6) 


8 0 


3 8 


maieic acid polymer salt (7) 


8 5 


3 9 


maieic acid polymer salt (8) 


8 2 


4 0 


maieic acid copolymer salt (9) 


8 9 


4 1 


maieic acid copolymer salt (10) 


8 8 


4 2 


maieic acid copolymer salt (11) 


7 7 


4 3 


maieic acid copolymer salt (12) 


8 0 


4 4 


maieic acid copolymer salt (13) 


8 6 


4 5 


maieic acid copolymer salt (14) 


8 0 


4 6 


maieic acid copolymer salt (15) 


8 0 
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Table 3 ( part 2 of 2 ) 



H A O III p 1 ^ 


maleic acid (co-)polyraer salt 
used 


scale inhibitor percentage 
for calcium carbonate (%) 


4 7 


maleic acid copolymer salt (16) 


8 7 


4 8 


maleic acid copolymer salt (17) 


8 2 


4 9 


maleic acid copolymer salt (18) 


8 8 


5 0 


maleic acid copolymer salt (19) 


8 6 


5 1 


maleic acid copolymer salt (20) 


8 5 


5 2 


maleic acid copolymer salt (21) 


7 4 


5 3 


maleic acid copolymer salt (22) 


8 6 


5 4 


maleic acid copolymer salt (23) 


7 3 


5 5 


maleic acid copolymer salt (24) 


7 2 


5 6 


maleic acid copolymer salt (25) 


8 4 


5 7 


maleic acid copolymer salt (26) 


7 5 


5 8 


maleic acid copolymer salt (27) 


7 3 


5 9 


maleic acid copolymer salt (28) 


7 3 


6 0 


maleic acid polymer salt (29) 


8 5 


6 1 


maleic acid copolymer salt (30) 


8 0 


6 2 


maleic acid copolymer salt (31) 


8 1 
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Table 4 



Example for 
comparison 


maleic acid (co-)polymer (salt) used 


scaie inniDitor percentage iur 
calcium carbonate (%) 


23 


maleic acid polymer salt for comparison (1 ) 


54 


24 


maleic acid polymer salt for comparison (2) 


63 


25 


maleic acid polymer salt for comparison (3) 


48 


26 


maleic acid copolymer salt for comparison (4) 


52 


27 


maleic acid copolymer salt for comparison (5) 


65 


28 


maleic acid copolymer salt for comparison (6) 


51 


29 


maleic acid copolymer salt for comparison (7) 


53 


30 


maleic acid copolymer salt for comparison (8) 


52 


31 


maleic acid copolymer salt for comparison (9) 


53 


32 


maleic acid copolymer salt for comparison (10) 


55 


33 


maleic acid copolymer salt for comparison (11) 


51 


34 


maleic acid copolymer salt for comparison (12) 


48 


35 


maleic acid copolymer salt for comparison (13) 


49 


36 


maleic acid copolymer salt for comparison (14) 


45 


37 


maleic acid copolymer for comparison (15) 


53 


38 


maleic acid copolymer salt for comparison (16) 


58 


39 


maleic acid copolymer salt for comparison (17) 


70 


40 


maleic acid polymer for comparison (18) 


83 


41 


maleic acid polymer salt for comparison (19) 


81 


42 


maleic acid copolymer salt for comparison (20) 


51 


43 


maleic acid copolymer salt for comparison (21) 


49 


44 


maleic acid copolymer salt for comparison (22) 


49 



40 

Examples 63 - 93 

To evaluate the properties as a cleaner builder of the maleic acid (co-)polymer salts (1) - (31) obtained 
from the examples 1-31, the undermentioned examinations were carried out. Into 50 ml of a 10~ 3 mol/X 

45 aqueous calcium chloride solution were added 10 mg (calculated on a basiis of the solid portion) of the 
maleic acid (co-)polymer salts (1)~ (31), obtained from the examples 1-31, and using an ion analyzer 
(MODEL 701) made from Orion Co., Ltd. and a calcium ion electrode, the amounts of calcium ion blocked 
by the maleic acid (co-)polymer salts (1) - (31) were determined and the chelating ability of each maleic 
acid (co-)polymer salts were measured with the following equation, and the results obtained are shown in 

50 Table 5. 



rag of calcium blocked ( converted into 

CaC0 3 ) ^ 

chelating ability = " - ~ 

g of maleic acid ( co-)polymer salt 
( converted into the solid portion ) 
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Examples for comparison 45 ~ 66 

In the same way as carried out for the examples 63 - 93, maleic acid (co-)polymers (salts) for 
comparison (1) ~ (22) obtained from the examples for comparison 1 - 22 were evaluated in the properties 
5 when used as a detergent builder, and the results obtained are shown in Table 6. 



Table 5 ( part 1 of 2 ) 



10 


Example 


maleic acid (co-) polymer salt 
used 


chelating ability 
( mgCaCOj/g ) 


15 


6 3 


maleic acid polymer salt 


(1) 


2 8 0 




6 4 


maleic acid polymer salt 


(2) 


3 3 0 


20 


6 5 


maleic acid polymer salt 


(3) 


2 5 0 




6 6 


maleic acid polymer salt 


(4) 


2 7 5 


25 


6 7 


maleic acid polymer salt 


(5) 


2 4 5 


30 


6 8 


maleic acid polymer salt 

/ 


(6) 


2 5 5 




6 9 


maleic acid polymer salt 


(7) 


2 6 0 


35 


7 0 


malpir acid oolvmer salt 


(8) 


2 5 0 




7 1 


maleic acid copolymer salt 


(9) 


2 4 0 


40 


7 2 


maleic acid copolymer salt 


(10) 


3 0 5 


45 


7 3 


maleic acid copolymer salt 


(11) 


2 3 5 




7 4 


maleic acid copolymer salt 


(12) 


2 4 0 


50 


7 5 


maleic acid copolymer salt 


(13) 


2 4 0 




7 6 


maleic acid copolymer salt 


(14) 


2 5 0 


55 


7 7 


maleic acid copolymer salt 


(15) 


2 4 0 
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Table 5 ( part 2 of 2 ) 



Example 


maleic acid (co-)polymer salt 
used 


chela ting abi 1 i ty 
( mgCaCOj/g ) 


7 8 


maleic acid copolymer salt (16) 


2 5 5 


7 9 


maleic acid copolymer salt (17) 


2 6 5 


8 0 


maleic acid copolymer salt (18) 


2 4 0 


8 1 


maleic acid copolymer salt (19) 


2 5 0 


8 2 


maleic acid copolymer salt (20) 


2 5 0 


8 3 


maleic acid copolymer salt (21) 


2 1 0 


8 4 


maleic acid copolymer salt (22) 


2 5 0 


8 5 


maleic acid copolymer salt (23) 


2 1 5 


8 6 


maleic acid copolymer salt (24) 


2 0 5 


8 7 


maleic acid copolymer salt (25) 


2 6 5 


8 8 


maleic acid copolymer salt (26) 


2 1 5 


8 9 


maleic acid copolymer salt (27) 


2 1 0 


9 0 


maleic acid copolymer salt (28) 


2 2 0 


9 1 


maleic acid polymer salt (29) 


2 8 2 


9 2 


maleic acid copolymer salt (30) 


2 6 0 


9 3 


maleic acid copolymer salt (31) 


2 6 5 



24 



EP 0 396 303 B1 



Table 6 



Example for 
comparison 


maleic acid (co-)polymer (salt) used 


cncidiing duiniy [rnyoav/v-/3/yj 


45 


maleic acid polymer salt for comparison (1 ) 


180 


46 


maleic acid polymer salt for comparison (2) 


177 


47 


maleic acid polymer salt for comparison (3) 


110 


48 


maleic acid copolymer salt for comparison (4) 


186 


49 


maleic acid copolymer salt for comparison (5) 


170 


50 


maleic acid copolymer salt for comparison (6) 


105 


51 


maleic acid copolymer salt for comparison (7) 


183 


52 


maleic acid copolymer salt for comparison (8) 


180 


53 


maleic acid copolymer salt for comparison (9) 


118 


54 


maleic acid copolymer salt for comparison (10) 


120 


55 


maleic acid copolymer salt for comparison (11) 


123 


56 


maleic acid copolymer salt for comparison (12) 


165 


57 


maleic acid copolymer salt for comparison (13) 


168 


58 


maleic acid copolymer salt for comparison (14) 


160 


59 


maleic acid copolymer for comparison (15) 


135 


60 


maleic acid copolymer salt for comparison (16) 


164 


61 


maleic acid copolymer salt for comparison (17) 


185 


62 


maleic acid polymer for comparison (18) 


248 


63 


maleic acid polymer salt for comparison (19) 


243 


64 


maleic acid copolymer salt for comparison (20) 


170 


65 


maleic acid copolymer salt for comparison (21) 


155 


66 


maleic acid copolymer salt for comparison (22) 


158 



As seen in Tables 3 - 6, it is understood that a superior scale inhibitor and a detergent builder led from 
the maleic acid (co-)polymer salt in the examples are much superior to those led from the maleic acid (co- 
polymer (salt) in the examples for comparison. 



Claims 



1. A process for producing a maleic acid (co-)polymer salt improved in biodegradability, said process 
comprising polymerizing a monomer component composed of from 75 to 100 weight % of maleic acid 
(A) and of from 0 to 25 weight % of another water-soluble unsaturated monomer (B) (wherein the total 
amount of (A) and (B) is 100 weight %) with water as solvent in the presence of: 

a) 12 to 150g (per 1 mole of the monomer component) hydrogen peroxide as a polymerization 
catalyst; 

b) 0.3 to 500ppm (per weight of the monomer component) of at least one kind of polyvalent metal 
ion selected from an ion containing a vanadium atom, an iron ion, and a copper ion; and 

c) an alkaline substance in sufficient quantity to neutralise 45 mole % or less (but excluding 0 mole 
%) of the whole acid group of the monomer component. 

2. A process as claimed in Claim 1 wherein the monomer component is composed of from 80 to 100 
weight % of maleic acid (A) and of from 20 to 0 weight % of another water-soluble unsaturated 
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monomer (B) (wherein the total amount of (A) and (B) is 100 weight %). 

3. A process as claimed in either of Claims 1 and 2 wherein of from 20 to 70g (per 1 mole of the 
monomer component) hydrogen peroxide is present. 

5 

4. A process as claimed in any one of Claims 1 to 3 wherein the amount of alkaline substance present 
during polymerization is of from 5 to 40 mole % per whole acid group of the monomer component. 

5. A process as claimed in any one of Claims 1 to 4 wherein of from 1 to 50ppm (per weight of the 
10 monomer component) of a polyvalent metal ion is present. 

6. A process as claimed in any one of Claims 1 to 5 wherein the polyvalent metal ion VO 2 * is present. 

7. A process as claimed in any one of Claims 1 to 6 wherein the polyvalent metal ion Fe 3+ is present. 

75 

8. A process as claimed in any one of Claims 1 to 7 wherein the polyvalent metal ion Cu 2+ is present. 

9. A maleic acid (co-)polymer salt obtainable by the process as claimed in any one of Claims 1 to 8. 
20 10. Use of a maleic acid (co-)polymer salt as claimed in Claim 9 as a detergent builder. 

11. Use of a maleic acid (co-)polymer salt as claimed in Claim 9 as a scale inhibitor. 
Patentanspruche 

25 

1. Verfahren zur Herstellung eines Maleinsaure-(Co-)Polymersalzes mit einem verbesserten biologischen 
Abbauvermogen, wobei das Verfahren aus einem Polymerisieren einer monomeren Komponente 
besteht, die aus 75 bis 100 Gew.-% Maleinsaure (A) und aus 0 bis 25 Gew.-% eines anderen 
wasserloslichen ungesattigten Monomers (B) besteht (wobei die Gesamtmenge von (A) und (B) 100 

30 Gew.-% betragt), zusammen mit Wasser als Losungsmittel in der Gegenwart von: 

a) 12 bis 150g (pro 1 Mol der monomeren Komponente) Wasserstoffperoxid als ein Polymerisations- 
katalysator; 

b) 0.3 bis 500 ppm (pro Gewicht der monomeren Komponente) wenigstens einer Art eines 
polyvalenten Metallions, ausgewahlt von einem Ion, welches ein Vanadiumatom, ein Eisenion und 

35 ein Kupferion enthalt; und 

c) einer alkalischen Substanz in einer geniigenden Menge, urn 45 Mol-% oder weniger (aber unter 
AusschluS von 0 Mol-%) der gesamten Sauregruppe der monomeren Komponente zu neutralisieren. 

2. Verfahren nach Anspruch 1, bei welchem die monomere Komponente aus 80 bis 100 Gew.-% 
40 Maleinsaure (A) und aus 20 bis 0 Gew.-% eines anderen wasserloslichen ungesattigten Monomers (B) 

zusammengesetzt ist (wobei die Gesamtmenge von (A) und (B) 100 Gew.-% betragt). 

3. Verfahren nach einem der Anspruche 1 und 2, bei welchem von 20 bis 70g (je 1 Mol der monomeren 
Komponente) Wasserstoffperoxid vorhanden ist. 

45 

4. Verfahren nach einem der Anspruche 1 bis 3, bei welchem die Menge der wahrend der Polymerisation 
vorhandenen alkalischen Substanz von 5 bis 40 Mol-% pro gesamter Sauregruppe der monomeren 
Komponente betragt. 

50 5. Verfahren nach einem der Anspruche 1 bis 4, bei welchem von 1 bis 50 ppm (pro Gewicht der 
monomeren Komponente) eines polyvalenten Metallions vorhanden ist. 

6. Verfahren nach einem der Anspruche 1 bis 5, bei welchem das polyvalente Metallion VO 2 * vorhanden 
ist. 

55 

7. Verfahren nach einem der Anspruche 1 bis 6, bei welchem das polyvalente Metallion Fe 3+ vorhanden 
ist. 
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8. Verfahren nach einem der Anspruche 1 bis 7, bei welchem das polyvalente Metallion Cu 2+ vorhanden 
ist. 

9. Maleinsaure-(Co-)Polymersalz, das durch das Verfahren nach einem der Anspruche 1 bis 8 zu erhalten 
5 ist. 

10. Verwendung eines Maleinsaure-(Co-)Polymersalzes nach Anspruch 9 als ein Detergenzbildner. 

11. Verwendung eines Maleinsaure-(Co-)Polymersalzes nach Anspruch 9 als ein Schuppen-lnhibitor. 

10 

Revendications 

I. Procede pour la preparation d'un (co)polymere d'un sel d'acide maleique avec une biodegradabilite 
modifiee, ledit procede comprenant la polymerisation d'un constituant monomere compose a 75 - 100 

75 % en poids d'acide maleique (A) et de 0 - 25 % en poids d'un autre monomere insature hydrosoluble 
(B), (la quantite totale (A) + (B) etant egale a 100 % en poids), avec de I'eau utilisee comme solvant et 
en presence de : 

a) 12 & 150 g (pour 1 mole du constituant monom&re) de peroxyde d'hydrogene comme catalyseur 
de polymerisation, 

20 b) 0,3 a 500 ppm (en poids du constituant monomere) d'au moins un type d'ion metallique 

polyvalent choisi parmi un ion contenant un atome de vanadium, un ion de fer et un ion de cuivre, 
c) une substance alcaline en quantite suffisante pour neutraliser 45 % en moles ou moins (excepte 0 
% en moles) de la fonction acide totale du constituant monomere. 

25 2. Procede selon la revendication 1 , caracterise en ce que le constituant monomere est compose a 80 - 
100 % en poids d'acide maleique (A) et de 20 - 0 % en poids d'un autre monomere insature 
hydrosoluble (B), (la quantity totale (A) + (B) 6tant §gale k 100 % en poids). 

3. Procede selon les revendications 1 et 2, caracterise en ce que le peroxyde d'hydrogene est present a 
30 raison de 20 - 70 g (pour 1 mole de constituant monomere). 

4. Procede selon Tune quelconque des revendications 1 & 3, caracterise en ce que la quantite de 
substance alcaline presente pendant la polymerisation s'eleve a 5 - 40% en moles par fonction acide 
totale du constituant monomere. 

35 

5. Proc6d6 selon I'une quelconque des revendications 1 & 4, caract£ris£ en ce qu'un ion metallique 
polyvalent est present & raison de 1 - 50 ppm (en poids du constituant monomere). 

6. Procede selon I'une quelconque des revendications 1 k 5, caracterise en ce que I'ion metallique 
40 polyvalent V0 2+ est present. 

7. Procede selon I'une quelconque des revendications 1 a 6, caracterise en ce que I'ion metallique 
polyvalent Fe 3+ est present. 

45 8. Proc6d6 selon I'une quelconque des revendications 1 h 7, caract£ris6 en ce que I'ion metallique 
polyvalent CU 2+ est present. 

9. (Co)polymere d'un sel d'acide maleique realisable conformement au procede selon I'une quelconque 
des revendications 1 a 8. 

50 

10. Emploi d'un (co)polymere d'un sel d'acide maleique selon la revendication 9 en tant qu'adjuvant 
detergent. 

II. Emploi d'un (co)polymere d'un sel d'acide maleique selon la revendication 9 en tant qu'inhibiteur de 
55 depots ecailleux. 
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